Abstract: Poland is obliged, like the other EU countries, to implement the Water Framework Directive -WFD (2000/60/WE) by the end of 2015. The main objective of WFD is to provide normative quality of all water resources. To reach this goal reduction of water polluter emission to the environment is needed. Our project focuses on pollution from agricultural sources which share in global pollution is high and growing still. As a pilot area, where the WFD is going to be implemented, small agricultural Zgłowiączka catchment was chosen.
INTRODUCTION
The European Union Water Framework Directive (WFD) is one of the most significant legislative instruments in the water field in recent years (DWORAK et al., 2005) . The main objective of WFD is to achieve good quality of all water resources in the Community by 2015. To reach this goal reduction of water polluter emission to environment is needed, both from point and non-point sources. The control of nonpoint sources as compared to point sources is much more complex and difficult in that nonpoint sources involve complex transport and transformation through different media (DROLC et al., 2008) .
In many regions intensive agriculture is a major source of emission of diffuse pollution to surface waters and groundwaters (KYLLMAR et al., 2005) . Compared to point sources, where treatment is the most effective method of pollution reduction, abatement of diffuse pollution focuses on a set of different actions such as: land use, good agricultural practices and surface water management. That is the reason, why the implementation as well as reach of the WFD goals on the intensively agricultural used areas is a very complex and long-lasting task, in which administration responsible for implementation of WFD, as well as farmers and scientists, should be involved.
Our project is focused on supporting administration and self-governmental organization in the implementation of effective strategies in catchment management, based on modelling approach, to reach the good quality of surface water. The strength of using models in scenario analyses is their capability of formalising complex decision making through quantifying the consequences of a large number of policy options in a consistent manner (WOLF et al., 2005) The modelling approach is helpful in the actual water quality assessment and enables early warning against excessive pollution load. We choose a SWAT model, which is developed to predict the impact of land management practices on water, sediment and agricultural chemical yields in watershed with varying soils, land use and management conditions over long periods of time (NEITSH et al., 2002) .
The aim of this paper is to describe the state of advance in application of SWAT model to intensively agricultural used pilot catchment and its use for catchment management.
MATERIALS AND METHODS

STUDY AREA
The upper Zgłowiączka River catchment (129.6 km 2 ) is situated in central Poland. The area of the catchment has a very poor hydrografic network, which is formed only by open ditches and subsurface drainage system. Drainage system ac-celerates circulation of water and nutrients in the catchment (around 70% of the whole catchment is drained).
The Zgłowiączka River is a left tributary of Vistula River. The investigations were carried out in the upper part of the river, above the Głuszyńskie Lake.
The catchment is an area with a very high quality of agricultural production space. The dominant soil type is mainly high agricultural quality Phaeozems and Luvisols developed from sandy loams and loams underlain by low permeable loams. On this area arable land is a dominant form of land use (90%), grasslands occur only in small local land depressions and in the river valley (3.9%). The landscape of the catchment is flat and typical for intensive agriculture: poor, open and without any midfield trees and forest complexes. There are no buffer zones along the river, fields adjoin directly to the river bed and ditches.
The yearly sum of precipitation in the catchment region is the lowest in Poland. The average yearly sum of precipitation is 500 mm (600 mm for Poland), during the vegetation period -about 300 mm. The water balance of filed crops in average year is negative. Potential evapotranspiration in Zgłowiączka catchment is 650 mm per year and in the vegetation period between 450-500 mm (ZŁON- KIEWICZ et al., 2007) . The water deficit for arable crops is a main factor limiting agriculture production and efficiency of fertilizer use. The excess of precipitation related to potential evapotranspiration occurs during winter time. The subsurface drainage system combined with the open ditch systems protects soils against waterlooging.
In the catchment area water needs and water balance for main crops are known. However there is lack of water balance analyses in the scale of the catchment taking into consideration spatial crop structure and fertilization level which change depending on economic conditions. In 2004 almost the whole catchment was designated as Nitrate Vulnerable Zone (NVZ) according to Nitrate Directive of European Union (91/676/EEC). The NVZs in the European Union Member States were designated on the basis of state monitoring results that indicate that surface waters in these zones are affected by nitrate pollution from agriculture. In the Zgłowiączka catchment state monitoring is conducted in three points along the river. In one point before the Głuszyńskie Lake surface water samples have been taken since 1990. Additionally, since 2000, monitoring is conducted in two other points. Nitrates concentration periodically significantly exceeds allowable value of 50 mg NO 3 ·dm -3 ( Fig. 1 ). On the basis of the equation 1 the nitrate nitrogen load (kg·ha -1 ) from the catchment was calculated:
) ( where: L − N-NO 3 -load outflowing from the catchment in a given time period T, for example 365 days;
-concentration value, for days between two subsequent analysis, the value was determined using linear interpolation; t Q − average daily outflow; t − subsequence days.
The nitrate nitrogen load was calculated for year 2007, due to the luck of outflow data for other years. In contrast to periodical high nitrates concentration the yearly N-NO 3 -load amounts only 20 kg·ha -1 . The explanation of that fact is low outflow coefficient, which in this year amounted 0.14.
MODEL DESCRIPTION
Soil and Water Assessment Tool (SWAT) model is continuation of 30 years non-point source modelling (NEITSH et al., 2002) . It is a physically based, time continuous simulation model that operates on a daily time step at catchment scale. It is designed to evaluate management practices on water quality and sediment production in large watersheds with varying of soils and land use over long periods of time. The watershed is divided into a number of subbasins where the smallest unit of discretisation HRU (Hydrological Response Units) is the result of overlay of the same of soil type, land use and slope.
The modelling processes such as: soil water content, surface runoff, nutrient cycle, crop growth and management practices are simulated for each HRU and then aggregated for the subbasin by weighted average (GRIZZETTI et al., 2003) . SWAT simulates complete cycle of nitrogen and phosphorus taking into account nutrient mineralization, decomposition and immobilization. As nutrient inputs, SWAT takes into account natural sources as well as anthropogenic contribution, which includes both fertilizer applications (non-point sources) and waste water from treatment plants (point sources).
The model is widely used all over the world for modelling of diffuse emission of nutrients and water quality in rural areas (SHEPERD et al., 1999; CONAN et al., 2003; BOURAOUI et al., 2005; FENG et al., 2008) SWAT is also used as a tool, which can be helpful for evaluation of management actions for the implementation of WFD among the EU countries (BÄRLUND et al., 2007) . The aim of our project was to create (using SWAT) of a tool for catchment management to support administration in implementation of the WFD in Poland.
INPUT DATA SWAT is one of the hydrological models that requires very huge amount of data about topography (Digital Elevation Model), soil types, land use and meteorological condition. The problem is in availability of these data in Poland in proper resolution, special for small catchments.
For the project purposes we created a database with all data required for SWAT. This allows us to collected diffuse environmental data about the study area.
Digital elevation model was obtained from SRTM mission (radar satellite imagery) with pixel size of 90 m. In this specific area of Zgłowiączka catchment, it was not enough for SWAT to determine the stream network, so the generation of it was supported by additional vector layer of the stream network generated from topographical map.
There was a problem with old soil data and, additionally, with polish soil classification not complementary with the US one. Therefore, basic pedological fields investigations and soil samples analysis were done to complete SWAT soil database.
The detailed information about crops planted in the research area is not available. It is possible to get the information on the community level, but only about selected farms, from the surveys made by local administration. So we assumed, that these farms represent enough the whole area. According to this information, the main crops in the research area are: winter wheat (about 37% of area), spring barley, canola, corn, sugar beet and vegetables (mainly onion) -all about 12% of area. On the basis of satellite image from Landsat, the range of arable land was determined. The spatial resolution of 30 m allows distinguishing between settlements, forests and agricultural land. The next step was to divide arable land into polygons representing different crops, so that the area of polygons is similar to the data from the local administration. This was made on the basis of Landsat image too. A three band composition (two infrared bands and one red) was used for this purpose (MIATKOWSKI et al., 2006) . The image is from the beginning of vegetation season (early May), so only parts of the fields are covered with vegetation. An assumption has been made that fields with vegetation are winter-wheat and canola fields. Others are without vegetation cover in this part of the year. According to this information, pixels covered with vegetation were divided into two groups: winter-wheat and canola, and other pixels into four groups: vegetables, spring barley, corn, and sugar beet. This method allows us to avoid totally random distribution of the crops.
SWAT requires daily values of meteorological parameters such as: precipitation, max and min temperature, wind speed, relative humidity and solar radiation. These data were colected from automatic meteorological station for eleven years (January 1997 -December 2007) by the Institute of Meteorology and Water Management (Division in Kraków). The data of precipitation, wind speed, temperature and relative humidity were used from one station, located in Kołuda. Solar radiation data were used from two other stations, Toruń and Koło, which are located close to the research area. The default weather generator was replaced by user generator with values calculated for Kołuda, which of course better represents specific meteorological conditions of the research area.
RESULTS
The collected input data were loaded into the model. The whole watershed was divided into 23 subbasins. At the beginning we assumed the most simple classification of HRU -dominant soil type, land use and slope. Then some simulations had been done. The problem of proper calibration is in availability of specific data about flow and nitrate concentration. There are available hourly measurements of river water level from January to December 2007. On the basis of those values and some manual flow measurements the discharge curve was constructed. The daily discharge values calculated on the basis of discharge curve were loaded to SWAT -CUP (Calibration and Uncertainty Programs) and compared with the simulation discharge from SWAT. The NS coefficient for uncalibrated model for flow was between -0.44 and -0.62 depending on management practices. Also some manual comparison of the general parameters was done. The accuracy of the model was tested on the general water balance parameters and yields. The values and their annual changes are as expected. Manual approaches are still frequently used for calibration, although they are tedious, time consuming, and require experienced personnel (MULETA et al., 2005) . The potential evapotranspiration (calculated using Penman-Monteith method) and water amount in soils is similar to measured. To collect data for precise calibration and validation of the model, investigative (considering hydrology and surface water chemistry) monitoring in the catchment is being organized. The preliminary results of that monitoring as well as results of SWAT simulations indicate, that the main nitrate leaching path from the catchment is subsurface drainage.
Although the SWAT model is still in calibration phase, some simple analysis of management options to reduce nutrient loads were done. One of the options analysed was a conception of buffer zones. Appropriate streamside vegetation and restriction of land cultivation will control nonpoint sources of pollution, enhance water resource utilization and help conservation (LIN et al., 2002) .
Parts of the model interface for data preparation were used for determination surface outflow high risk areas and for visualization for the educational purposes mining of these buffer zones in reduction of nutrient loads leaching to surface waters. The next step was distribution over the all Zgłowiączka catchment places with high density of the temporal streams network. It was done using GRASS program. The vector lines of temporal streams were changed on raster format with resolution of 30 m. The map of stream "density" was done by assigning the raster number which is the sum of raster in the neighbourhood (radius of neighbourhood smaller or equal 25 raster). Then sub-catchments were picked up (created by SWAT model) with the highest density of potential surface flow The choice of the most endangered sub catchments was done on base of visual evaluation of the surface flow density map.
The preliminary analysis, using SWAT, of filter strips effectiveness show that buffer zones on endangered areas are far more effective in protection of surface water quality against nitrate outflow. If the width of the vegetated buffer strips is not sufficient, it will not attain the desired effectiveness. Conversely, if the width is too great, it will cause agricultural land waste, preventing farmers' interest in cooperating with environmental preservation efforts. For the above reasons, it is important to set a reasonable width range (LIN et al., 2004) . According to the results we are suggesting wider buffer zones in endangered subbasins and narrow in other subbasins (Fig. 2) .
Implementation of buffer zones is effective measure of surface water protection and should be further developed. A good adjustment of plants to local conditions is as important as fast implementation. It will take few years until buffer zones reach full capacity in nutrients flow reduction. The work on shelter belts (anti erosion) will be continued and tested as additional measure of rivers protection. The change in rural landscape as well in biodiversity is very important added value. In further part of the project we are planning to analyze some problems of climate warming, as well adaptation strategies. The conception of creation of buffer zones using SWAT model can be used in other agricultural watersheds in the country. Water Framework Directive is one of the most difficult to fulfill from UE directives. The project focuses on creation of a tool, which can be helpful for local administration in the implementation of effective management strategies based on modelling approach. As it is shown above, SWAT model can be a very helpful tool for implementation of WFD even without very precise calibration and validation.
2. After verification, calibration and validation model is a useful tool in the time of dynamic economical and climatic changes. It gives the opportunity to tested some climatic changes and different management strategies to find the most effective and profitable solutions for protection of surface water quality on the intensively agricultural used areas.
3. In the frame of the project hydrological and chemical monitoring is organized. Data from these investigations will be used for more precise calibration and validation of the model. 4 . Despite the fact, that the most of catchment area is flat, there is a local risk of nitrate surface outflow. Correctly designed buffer zones can significantly decrease the risk of nitrate outflow from the catchment area to the surface waters. The conception of creating buffer zones using SWAT can be implemented also in other catchments in Poland.
